. Mapping of genes screened onto chemotactic network. The genes whose mutations were tested for altered blebbing are mapped onto our current understanding of the signaling and effector network underlying chemotaxis to cyclic-AMP. Null (or hypomorphic in the case of Arp2/3) mutants were compared with their direct parents in three assays for blebbing using aggregation-competent cells: movement under buffer; movement under an agarose overlay; blebbing in response to uniform stimulation with cyclic-AMP. A combined score was given to each strain for mapping purposes. Gray, no detectable effect; blue, mutants have impaired blebbing (deep blue > light blue); red/orange, mutants have increased blebbing (red > orange) ; no color, not tested. Video 1. Cell moving with a combination of actin-driven pseudopods and blebs in standard conditions under buffer. Aggregation-competent Ax2 cells, expressing ABD-GFP to label F-actin, were observed on a glass coverslip under KK2 buffer. Multiple blebs, marked by their F-actin scars, F-actin-driven pseudopodia, and hybrids between the two ("blebbopodia") can be seen at the leading edge. Blebs usually expand in a single frame and to observe this it is helpful to step through the movie frame-byframe. Movie taken by DIC and laser-scanning confocal microscopy (model LSM 710; Carl Zeiss) at 1 frame per second.
Video 2. Transformation of blebs into a pseudopod. An aggregation-competent Ax2 cell expressing ABD-RFP (red) as a reporter for F-actin and cAR1-GFP (green) as a marker for the plasma membrane is observed on a glass coverslip under KK2 buffer. Two successive blebs form on the flank of the cell, leaving F-actin scars behind. F-actin rapidly polymerizes (within 1 s) at the bleb membranes to reconstitute the cortex, but polymerization continues, transforming the blebs into a pseudopod. Movie taken by DIC and laser-scanning confocal microscopy (model LSM 710; Carl Zeiss) at 1 frame per second for 50 s. Video 3. The leading cell of a small stream predominantly uses blebs to move. Aggregation-competent Ax2 cells observed on a glass coverslip form small head-to-tail streams during the later stages of natural aggregation. The leading cell, which has a free leading edge, moves largely in bleb mode. Blebs are labeled with black points throughout the movie. Movie taken by DIC (model LSM 710; Carl Zeiss) at 1 frame per second.
Video 4. A cell moving in pure bleb mode under 0.7% agarose. An aggregation-competent Ax2 cell, expressing ABD-GFP as a reporter for F-actin, chemotaxing to cyclic-AMP under 0.7% agarose. When blebs detach from the cortex, they leave behind an F-actin scar, which gradually dissipates and sometimes moves in a retrograde direction; meanwhile, the bleb membrane becomes repopulated with F-actin in as little as one second. Left, DIC; right, ABD-GFP. Movie taken by DIC and laser-scanning confocal microscopy (model LSM 710; Carl Zeiss) at 2 frames per second.
Video 5. Three-dimensional reconstructions of cells moving under agarose overlays of different strengths, and movement of cells under agarose containing fluorescent beads. Aggregation-competent Ax2 cells, expressing ABD-GFP as a reporter for Factin, were attracted to move under agarose overlays of different strength by chemotaxis to cyclic-AMP. As the strength of the overlay increases, cells become more flattened, produce fewer dorsal projections, and use blebs instead of pseudopods to move (blebs and the scar left behind are very clear under 1 and 2% agarose). Cells are reconstructed from 0.38-µm sections taken by laser-scanning confocal microscopy (model LSM 780; Carl Zeiss) and reconstructed using the ImageJ 3D Viewer plugin (National Institutes of Health). Bar, 10 µm. In the second part of the movie, similarly prepared cells are shown moving under 0.7% agarose containing red fluorescent, 0.45-µm diameter beads. The focal plane is set on the beads slightly above the cells, and when a cell moves under a bead, it dims and then brightens once the cell has passed, indicating that it is displaced out of and then back into the focal plane. This is consistent with the cells elastically deforming the agarose as they move. Taken by laser-scanning confocal microscopy (model LSM 780; Carl Zeiss) at 1 frame per second. Video 6. A cell moving in pure bleb mode under 0.7% agarose containing fluorescent dye to reveal the cell outlines. Aggregation-competent Ax2 cells, expressing ABD-GFP (green) as a reporter for F-actin were attracted under 0.7% agarose containing 0.5 mg/ml RITC-dextran as a negative stain (shown in red) to identify the outline of the cells. The merged movie clearly shows that blebs are initially depleted in F-actin and do not have a cortex, but rapidly rebuild one. F-actin scars can be observed at the base of blebs. Taken by laser-scanning confocal microscopy (model LSM 780; Carl Zeiss) at 2 frames per second. Video 7. Four examples of cells re-orienting to a micropipette filled with 2 µM cyclic-AMP. Aggregation-competent Ax2 cells, expressing ABD-GFP as a reporter for F-actin, were first attracted to the micropipette and when they were well polarized, the micropipette was moved rapidly to the flank (in 1-2 s). Cells can re-orientate by rapidly making blebs in the new direction of travel; these are often precursors to F-actin pseudopods and are preceded by F-actin microspikes. DIC and fluorescent images were taken by laser-scanning confocal microscopy (model LSM 710; Carl Zeiss) at 1 frame per second.
Video 8. Blebbing assay. In this assay, 1 µM cyclic-AMP is added to aggregation-competent Ax2 cells, expressing ABD-GFP as a reporter for F-actin. Cyclic-AMP addition is marked by a disturbance to the image (0 s), and blebbing starts 20 s later. DIC and fluorescent images were taken by laser-scanning confocal microscopy (model LSM 710; Carl Zeiss) at 1 frame per second.
Video 9. PIP3 and F-actin dynamics during re-orientation of a cell to a micropipette releasing cyclic-AMP. An aggregationcompetent Ax2 cell expressing PH-CRAC-GFP (green) as a reporter for PIP3, and LifeAct-RFP (red) as a reporter for F-actin, is induced to change direction by moving a micropipette releasing cyclic-AMP. A PIP3 patch and F-actin microspikes are produced proximal to the needle and are followed in this case by a bleb formed from the PIP3 patch. DIC and fluorescent images were taken by laser-scanning confocal microscopy (model LSM 780; Carl Zeiss) at 1 frame per second.
Video 10. Re-orientation of PhdA/CRAC double-null cells (strain HM1669) to a micropipette releasing cyclic-AMP. Aggregation-competent HM1669 cells expressing PH-CRAC-GFP (green) as a reporter for PIP3, and LifeAct-RFP (red) as a reporter for F-actin, are stimulated by a micropipette releasing cyclic-AMP. In this mutant, PIP3 patches and F-actin microspikes that form proximal to the needle are not followed by blebs. DIC and fluorescent images were taken by laser-scanning confocal microscopy (model LSM 780; Carl Zeiss) at 1 frame per second. 
+2
Cells are more elongated than WT under buffer and make more blebs at the leading edge. Produces slightly more blebs than WT after cAMP shock. Similar to WT under agarose. 
+3
Cells produce more blebs under buffer. Blebbing continues for a long time after cAMP shock-so more blebs form than WT. Very few cells penetrate under agarose, and those that do produce less polarized, more sporadic blebs than WT. 
4
Cells are less polarized and more rounded than WT. Under buffer they migrate by producing F-actin-driven protrusions and rarely make blebs. Very weak response to cAMP shock: cells do not cringe or retract pseudopods.
